For the Raloxifene Use for The Heart Trial Investigators

Background
In the Raloxifene Use for The Heart trial, 10 101 postmenopausal women with coronary heart disease (CHD) or multiple CHD risk factors were randomly assigned to 60 mg/d raloxifene or to placebo and followed for a median of 5.6 years. Raloxifene, a selective estrogen receptor modulator, was found to reduce the risk of invasive breast cancer and vertebral fractures but not the risk of cardiovascular events. Here, we provide further details about breast cancer incidence by tumor characteristics, duration of treatment, and subgroup.
Methods
Reported breast cancer was adjudicated by an independent committee based on medical records and pathology reports. The primary analyses used Cox proportional hazards models with time to first breast cancer as the outcome. Subgroup effects were analyzed using similar models with terms for treatment by subgroup. All statistical tests were two-sided.
Results
As previously reported, raloxifene reduced the incidence of invasive breast cancer by 44% (hazard ratio [HR] = 0.56; 95% confidence interval [CI] = 0.38 to 0.83; absolute risk reduction = 1.2 invasive breast cancers per 1000 women treated for 1 year). The lower incidence of invasive breast cancer reflected a 55% lower incidence of invasive estrogen receptor (ER) -positive tumors (HR = 0.45; 95% CI = 0.28 to 0.72). However, raloxifene treatment did not reduce the incidence of noninvasive breast cancer or of invasive ER-negative breast cancer. The reduced incidence of invasive breast cancer was similar across subgroups, including those defined by age, body mass index, family history of breast cancer, prior use of postmenopausal hormones, and 5-year estimated risk of invasive breast cancer.
approaches to prevention of breast cancer would, therefore, be useful.
Two major clinical trials have provided evidence that the selective estrogen receptor modulator (SERM) raloxifene is a promising drug for the prevention of breast cancer. In the Multiple Outcomes of Raloxifene Evaluation (MORE) trial, 7705 postmenopausal women with osteoporosis who were treated for 4 years with raloxifene had a 72% reduction in the incidence of invasive breast cancer compared with women treated with a placebo ( 9 ) , and protection against breast cancer persisted during 8 years of follow-up ( 10 ) . More recently, the Raloxifene Use for The Heart (RUTH) trial enrolled 10 101 women with coronary heart disease (CHD) or at high risk of CHD to determine the effect of raloxifene on incidence of coronary events and invasive breast cancer ( 11 ) . In 2006, the main results of the RUTH trial were published, including information on the effects of raloxifene on invasive and noninvasive breast cancer and on estrogen receptor (ER) -positive and -negative tumors ( 11 ) . This report provides additional data from the RUTH trial, including the effects of raloxifene on risk for breast cancer by histological type, tumor stage, lymph node status, and tumor grade and size, as well as by duration of treatment and subgroup.
Methods
RUTH was a randomized, blinded, placebo-controlled trial conducted at 177 sites in 26 countries on five continents ( 11 , 12 ) . The major aims of the trial were to evaluate the effects of raloxifene on incidence of coronary events and invasive breast cancer. The institutional review board at each study site approved the protocol, and all participants gave written informed consent. The RUTH trial was registered at ClinicalTrials.gov (Registry Number: NCT00190593).
Participants
Between June 1998 and August 2000, 10 101 postmenopausal women were enrolled in the trial and randomly assigned to study drug. Participants were required to be 55 years of age or older, to be at least 1 year from their final menstrual period, and to have either documented CHD or increased risk for CHD based on the presence of established risk factors, such as older age, diabetes, hypertension, cigarette smoking, and hyperlipidemia. ( 12 ) . Women were excluded if they were suspected of having breast cancer or if they had a history of breast cancer. Other reasons for exclusion included recent myocardial infarction, coronary artery bypass grafting or percutaneous coronary angioplasty, severe heart failure, history of venous thromboembolism, recent unexplained uterine bleeding, life expectancy less than 5 years, chronic liver or renal disease, recent use of oral or transdermal estrogens, or current use of other sex hormones or SERMs ( 11 ) .
Study Medication
Eligible participants were randomly assigned to 60 mg raloxifene per day, orally (EVISTA; Eli Lilly and Company, Indianapolis, IN ) or to an identical-appearing placebo and were asked to continue to take the study medication until the end of the trial. The study drug was permanently discontinued when a participant was unblinded or was diagnosed with breast cancer or a venous thromboembolism.
The study medication was temporarily discontinued if the participant became immobilized for a prolonged time or if she took hormonal agents.
Random Assignment and Blinding
Random assignment was stratified by study site, and treatment was randomly assigned using an interactive voice response telephone system. Investigators, site staff, participants, laboratory staff, outcome adjudicators, and the sponsor were blinded to treatment assignment. Investigators were unblinded in only 26 cases in which safety was a concern.
Study Procedures
At baseline, all participants completed a breast cancer risk assessment ( 13 ) . Breast cancer risk factors, including age, ethnicity, age at menarche, age at menopause, parity, family history of breast cancer, history of breast biopsy, history of ovariectomy , and use of hormone therapy were self-reported. Height and weight in which measured.
A clinical breast examination was performed at baseline and every 2 years thereafter. Mammograms had to have been obtained within 1 year before random assignment and every 2 years thereafter. Mammograms were performed and interpreted locally but rereviewed by a central radiologist when breast cancer was diagnosed.
Participants attended study visits or were contacted by telephone semiannually. At each contact, adherence to study medication and occurrence of adverse events and outcomes were ascertained. Participants were considered to have completed the trial if they had a fi nal visit after at least 5 years of follow-up.
CONTEXT AND CAVEATS
Prior knowledge
Raloxifene was reported by the investigators of the RUTH (Raloxifene Use for the Heart) trial to reduce the risk of both breast cancer and vertebral fractures, but not of cardiovascular events.
Study design
In the RUTH trial, 10101 postmenopausal women at increased coronary risk were randomly assigned to 60 mg/d raloxifene or to a placebo, and data were analyzed after a median follow-up of 5.6 years. Here, the authors report breast cancer incidence by tumor characteristics, duration of treatment, and subgroup analysis.
Contribution
The 44% reduction in invasive breast cancers by raloxifene included a 55% reduction in invasive ER-positive breast cancers regardless of age, body mass, history of hormone replacement therapy, family or other breast cancer risk. Incidence of invasive ER-negative breast cancers and of noninvasive breast cancers were not affected.
Implications
Raloxifene appears to be effective in prevention of invasive ERpositive breast cancer but not in prevention of noninvasive cancers.
Limitations
Participants in the RUTH trial were selected to be at increased risk of coronary disease compared to the general population.
Breast Cancer
When breast cancer was diagnosed, the investigative site provided mammograms, medical records, and pathology reports to blinded independent adjudicators that included a medical and a surgical oncologist. Adjudicators reviewed the documents for each case and adjudicated the diagnosis of primary breast cancer, invasiveness of the cancer, stage, lymph node status, grade, type, and size. ER status was based on local immunocytochemical assay using local cut points. Consensus of the adjudicators was required for all breast cancer classifications.
Statistical Analyses
Analyses followed the intention-to-treat principle and included all women randomly assigned. If fewer than five events occurred in the placebo and raloxifene groups combined, no statistical tests were performed. Data collected before February 2, 2006, were included in the analyses.
Primary analyses measured time to fi rst breast cancer. Data from women who did not experience a breast cancer event were censored on the date when study information was last collected or, for women who died of non -breast cancer causes during the study, on the date of the participant's death. A log-rank test was used to compare the cumulative incidence of breast cancers between treatment groups. Unadjusted Cox proportional hazards models were used to estimate hazard ratios (HRs) with 95% confi dence intervals (CIs). The proportionality of hazards was checked by testing the interaction of treatment by log of the time of follow-up and was found to hold.
Cox proportional hazards regression models were fi t with treatment, subgroup, and treatment-by-subgroup interaction to determine if there were differential treatment effects by subgroup at a signifi cance level of .10, as established a priori in our statistical analysis plan. Patient characteristics considered included age (<60, > 60 and <70, ≥ 70 years), BMI ( ≤ 25, >25 and ≤ 30, >30 kg/m 2 ), current smoking and alcohol consumption status, age at menarche (<11, ≥ 11 years), parity (0, 1 -2, ≥ 3), and age at fi rst live birth (<20, ≥ 20 years). History of any fi rst-degree relative with breast cancer, hysterectomy, ovariectomy, prior use of hormone replacement therapy (none, estrogen, estrogen plus progestin), and predicted breast cancer risk according to the Gail model were also considered. Tumor characteristics analyzed included invasiveness, ER status, histological type, stage, number of positive lymph nodes (0, 1 -3, ≥ 4), tumor grade or differentiation, and tumor size ( ≤ 1.0, 1.1 -2.0, 2.1 -3.0, and ≥ 3.1 cm).
To explore the effect of treatment over time, post hoc year-byyear analyses were performed in which each participant was considered to be at risk of breast cancer if she had not been diagnosed with breast cancer by the beginning of the year. Hazard ratios and 95% confi dence intervals were estimated using a Cox proportional hazards regression model that includes an interaction term for time and treatment effect.
To explore whether raloxifene treatment had a similar effect on incidence of both invasive and noninvasive breast cancers, interaction of treatment by breast cancer invasiveness was tested, assuming competing risks and independence of the fi rst occurrence of either noninvasive or invasive breast cancer. (If a participant was diagnosed with both a noninvasive and an invasive breast cancer, only the event that occurred fi rst was included in the analysis.) Specifi cally, we used a two-sided Z test to assess the statistical signifi cance of the difference between the log of the hazard ratios for raloxifene vs placebo from separate Cox models for noninvasive and invasive breast cancer, divided by the standard error of the difference, computed under the independence assumption. Similar interaction tests were performed for treatment by subcategories of each tumor characteristic.
All reported P values are two-sided and were tested at a .05 signifi cance level unless otherwise stated. No adjustments were made for multiple comparisons. Statistical analyses were performed using SAS software version 8.2 (SAS Institute, Cary, NC). * Additional information concerning geographic distribution and cardiovascular risks of trial participants can be found in reference 11. † SD = standard deviation. ‡ Defined as any consumption of alcohol. § Family history of breast cancer includes women with any first-degree relative with breast cancer.
|| Five-year risk of invasive breast cancer estimated based on recognized risk factors for breast cancer using the Gail model (13). * HR = hazard ratio; CI = confidence interval; ER = estrogen receptor. † All noninvasive cancers were ductal carcinoma in situ. ‡ Other histological types included adenocarcinoma, medullary carcinoma, mucinous adenocarcinoma, papillary carcinoma, and tubular adenocarcinoma. § Due to few events, these categories were combined for tests of interaction of treatment by tumor characteristic; the unknown subcategory was excluded in these analyses.
|| Lymph nodes were evaluated for only 100 invasive breast cancer cases. Information was not available for the remaining 10 cases
Results
Of the 10 101 women randomly assigned in the RUTH trial, 5057 were assigned to placebo and 5044 to raloxifene. The treatment groups had similar baseline characteristics ( Table 1 ) . Based on the Gail model ( 13 ), the mean estimated 5-year risk of developing invasive breast cancer in both groups was 1.7%. The trial was completed by 3979 women in the placebo group (79%) and by 4060 women in the raloxifene group (80%) ( 11 ) . Median duration of follow-up was 5.6 years in both groups. Overall, 71% of women in the placebo group and 70% in the raloxifene group took at least 70% of the assigned study medication based on pill counts. At baseline, all but four participants had had a mammogram within 12 months before randomization. During follow-up, 92% of women had a mammogram at 2 years, 88% at 4 years, and 80% at 6 years. Clinical breast examination was performed for 91% of participants at 2 years, 88% at 4 years, and 86% at 6 years of follow-up.
Adherence with mammography and completion of clinical breast examination did not differ by treatment group (data not shown).
During follow-up, 76 women in the placebo group were diagnosed with breast cancer (annualized rate, 0.29%) compared with 52 in the raloxifene group (annualized rate, 0.20%) ( 11 ) . Raloxifene treatment reduced the overall risk of breast cancer by one-third (HR = 0.67, 95% CI = 0.47 to 0.96; Table 2 ). Two women in the study died of breast cancer, both assigned to raloxifene. Raloxifene reduced the incidence of invasive breast cancer by 44% (HR = 0.56, 95% CI = 0.38 to 0.83; Table 2 and Figure 1, A) , but there was no evidence that it had an effect on the incidence of noninvasive breast cancer (HR = 2.17, 95% CI = 0.75 to 6.24; P interaction = .02; Table 2 and Figure 1, B) ( 11 ) .
Most invasive breast cancers were infi ltrating ductal carcinoma, ER positive, stage I or II, lymph node negative, well or moderately differentiated, and smaller than 2 cm ( Table 2 ). Treatment with raloxifene reduced the incidence of invasive ER-positive breast cancer by 55% (HR = 0.45, 95% CI = 0.28 to 0.72; Table 2 and Figure 1 , C) ( 11 ) but had no effect on the incidence of invasive ERnegative cancer (HR = 1.44, 95% CI = 0.61 to 3.36, P interaction = .02; Table 2 and Figure 1, D) . Raloxifene reduced absolute risk by 0.9 cases of any breast cancer, 1.2 cases of any invasive breast cancer, and 1.2 cases of invasive ER-positive breast cancer per 1000 women treated for 1 year.
Raloxifene reduced the incidence of invasive breast cancer regardless of histological type, stage, lymph node status, or tumor grade (all P interaction >.30) ( Table 2 ) . Raloxifene appeared to reduce the risk of tumors that were 1 -2 cm in size more than the risk of either larger or smaller tumors ( P interaction for treatment by tumor size = .02).
A statistically signifi cant reduction in incidence of invasive breast cancer among women taking raloxifene compared with the placebo group was observed by the second year of treatment ( Table 3 ). The incidence of invasive breast cancer was lower in the raloxifene group than in the placebo group during each of the fi rst 4 years of treatment but was similar in the two treatment groups in years 5 -7 ( Table 3 ) . However, the interaction between duration of treatment and effect of treatment on incidence of invasive breast cancer was not statistically signifi cant ( P = .55).
The effect of treatment on the incidence of invasive breast cancer did not differ across subgroups defi ned by age, body mass index, smoking, alcohol consumption, reproductive history, family history of breast cancer, prior hysterectomy, use of postmenopausal hormones, or 5-year predicted risk for invasive breast cancer ( 13 ) (Figure 2 ). Treatment with raloxifene appeared to reduce the incidence of invasive breast cancer in women with ovaries but not in those with bilateral ovariectomy ( P interaction = .07).
Discussion
Among postmenopausal women at increased risk for major coronary events with an average estimated 5-year risk of developing breast cancer of 1.7%, treatment with 60 mg of raloxifene for 5.6 years resulted in a 44% reduction in incidence of invasive breast cancer and a 55% reduction in incidence of invasive ER-positive breast cancer ( 11 ) . Treatment did not reduce the incidence of invasive ER-negative breast cancer or of noninvasive breast cancer. Raloxifene appeared to be most effective in reducing the incidence of breast cancer during the first 4 years of treatment. Moreover, the effect of treatment appeared to be similar across subgroups defined by age, reproductive history, and breast cancer risk status.
The reduction in incidence of invasive breast cancer and invasive ER-positive breast cancer in the RUTH trial confi rms the fi ndings of the MORE randomized trial, which assessed the effects of 60 and 120 mg of raloxifene on fractures in 7705 postmenopausal women with osteoporosis ( 9 , 10 , 14 ) . After 4 years of follow-up in the MORE trial, the incidence of invasive breast cancer was 72% lower among women assigned to raloxifene compared with women assigned to placebo and the incidence of ER-positive breast cancer was 84% lower ( 9 ) . By comparison, in the Breast Cancer Prevention Study, a randomized trial of 13 388 Figure 2 . Invasive breast cancer (annualized percent) by baseline characteristics and treatment assignment. Hazard ratios ( dots ) and 95% confidence intervals ( error bars ) are from unadjusted Cox proportional hazards models, and P interaction values are from Cox proportional hazards models that include an interaction term for subgroup and treatment effect. Diamond indicates the overall hazard ratio. BMI = body mass index; IBC = invasive breast cancer. women with greater than 1.66% 5-year risk of breast cancer, treatment with 20 mg of tamoxifen daily reduced the incidence of invasive breast cancer by 50% after 4 years ( 7 ). Similar to the effect of raloxifene in the MORE and RUTH trials, the reduction in risk of breast cancer associated with tamoxifen was confi ned to ER-positive tumors ( 7 ) . The effects of raloxifene and tamoxifen on breast cancer risk were compared directly in the Study of Tamoxifen and Raloxifene (STAR), a randomized trial in which 19 747 women with a 4% average 5-year risk of developing breast cancer were randomly assigned to treatment with 20 mg tamoxifen or 60 mg raloxifene daily for 4 years. In the STAR trial, there were no differences between the two active treatments in the incidence of either invasive breast cancer or ER-positive invasive breast cancer ( 15 ) . Raloxifene and tamoxifen are SERMs that bind to ERs and have estrogenic activity in some tissues and antiestrogenic activity in others. Both are thought to reduce the incidence of breast cancer by interfering with the effects of estrogen on the initiation, promotion, and/or proliferation of ER-positive cancers ( 16 ) . A reduction in incidence of invasive breast cancer was observed in the RUTH trial within 2 years of beginning treatment. Given that several years are required from initiation to clinical detection of breast cancer ( 17 ) , the RUTH fi ndings are most consistent with an effect of raloxifene on estrogen-related tumor promotion or proliferation. A similar pattern of early reduction in incidence of breast cancer was observed in the MORE trial with raloxifene ( 14 ) and in the Breast Cancer Prevention Trial with tamoxifen ( 7 ).
Noninvasive breast cancers constituted only 7% of all breast cancers in the RUTH trial (0.2 cases per 1000 woman-years). Among women over 50 years old in the United States, the rate of noninvasive breast cancer is 0.85 per 1000, accounting for about 25% of all breast cancers ( 18 ) . RUTH was an international trial, with the majority of participants in Europe. The low rate of noninvasive breast cancer in the RUTH trial may be due to a longer mammographic screening interval or to lower rates of detection of noninvasive breast cancer outside the United States. Noninvasive breast cancer is generally detected on screening mammography ( 19 ) , which is commonly performed annually in the United States and biannually outside the United States. Following European standards, mammography was performed biannually in the RUTH trial, and detection of noninvasive cancer depended on local readings. Treatment with raloxifene reduced the incidence of invasive breast cancer to a similar degree regardless of tumor stage, lymph node status, or tumor grade. Although there was a statistically signifi cant interaction of treatment and tumor size, there was no consistent association of the effect of raloxifene on risk for invasive breast cancer by increasing tumor size ( P for linear trend = .82).
Raloxifene did not reduce the risk of noninvasive breast cancer ( 11 ) . In fact, more noninvasive breast cancers occurred in the raloxifene than in the placebo group (11 vs 5, HR = 2.17, 95% CI = 0.75 to 6.24), although the number of noninvasive breast cancers was small and this difference was not statistically different. There was also no reduction in the incidence of noninvasive breast cancer with raloxifene treatment in the MORE trial (HR = 0.90, 95% CI = 0.30 to 2.69) ( 9 ) or in the Continuing Outcomes Relevant to Evista (CORE) trial (HR = 1.78, 95% CI = 0.37 to 8.61) ( 10 ) . In contrast, treatment with tamoxifen in the Breast Cancer Prevention Trial resulted in a 50% reduction in the incidence of both invasive and noninvasive breast cancer ( 7 ) . In the STAR trial, in which raloxifene and tamoxifen were compared directly, there was no difference in the effect of tamoxifen and raloxifene on incidence of invasive breast cancer, but women assigned to raloxifene had a 40% higher incidence of noninvasive breast cancer than women in the tamoxifen group (HR = 1.40, 95% CI = 0.98 to 2.00) ( 15 ) .
It is not clear why tamoxifen appears to reduce incidence of noninvasive breast cancer whereas raloxifene does not. One possible explanation is that tamoxifen may be more effective than raloxifene in preventing the development of noninvasive disease because it has a greater binding affi nity for ER ␤ ( 20 ) . Compared with proliferative lesions and noninvasive breast cancer, invasive disease is characterized by greater expression of ER ␣ and less expression of ER ␤ ( 21 ), which appears to protect against tumor progression ( 21 -24 ) .
The effect of raloxifene on the incidence of invasive breast cancer was similar across subgroups. Because we examined a total of 20 subgroups, the borderline interaction between treatment effect and ovariectomy likely occurred by chance.
If SERMs such as tamoxifen and raloxifene are used for prevention of breast cancer, it is important to determine the optimal duration of treatment. Among women with lymph node -negative ER-positive breast cancer, a reduced risk of recurrence of cancer persists for up to 15 years after 5 years of treatment with tamoxifen ( 27 ) . However, women treated with tamoxifen for longer than 5 years do not have improved outcomes ( 7 ) . After 4 years of followup, 92% of women who received 5 years of tamoxifen treatment and were then randomly assigned to placebo were alive and free of breast cancer, compared with 86% of women randomly assigned to continue tamoxifen ( P = .003) ( 28 ) . These data resulted in the recommendation that adjuvant therapy with tamoxifen in women with breast cancer be discontinued after 5 years. In the Breast Cancer Prevention Trial, treatment with tamoxifen reduced risk of invasive breast cancer during each year of 6 years of follow-up ( 7 ) .
In a post hoc analysis, the effect of raloxifene treatment on incidence of invasive breast cancer did not differ by year, although in years 5 -7, the hazard ratios were close to 1. In the MORE trial, 4 years of treatment with raloxifene resulted in a 72% reduction of risk of invasive breast cancer ( 9 ) , and in the CORE trial, after treatment was interrupted for an average of 11 months, an additional 4 years of blinded treatment with raloxifene resulted in a 59% reduction in risk of invasive breast cancer (HR = 0.41, 95% CI = 0.24 to 0.71) ( 10 ) . These data from MORE and CORE provide the longest observation of the use of an SERM for breast cancer prevention. Taken together with the main fi nding in RUTH, that breast cancer risk was reduced over 5.6 years of treatment, it seems reasonable to conclude that treatment with raloxifene for up to 8 years is safe and effective in reducing breast cancer risk.
Participants in the RUTH trial were selected because they either had known coronary disease or were at high risk for coronary disease. Thus, it is possible that the fi ndings of the RUTH trial may not be able to be generalized to women who are not at high risk for coronary disease. However, 41% of RUTH participants had a 5-year predicted risk of breast cancer of 1.66% or greater, which would have made them eligible for the Breast Cancer Prevention and STAR trials. In addition, the effectiveness of raloxifene in reducing risk of breast cancer did not vary by baseline risk for breast cancer (Figure 2 ). Which women might consider taking raloxifene to reduce the risk of breast cancer? Although treatment with raloxifene in the RUTH trial reduced the incidence of breast cancer and vertebral fracture, it also increased the incidence of venous thromboembolic events and fatal stroke ( 11 ) . Assuming that the relative risks from the RUTH trial apply to women in the general population, the best benefi t to risk ratio would occur in women at high risk of breast cancer and osteoporosis and low risk of venous thrombosis and stroke. In the STAR trial, which directly compared the effects of 4 years of treatment with tamoxifen or raloxifene among women at high risk of breast cancer, rates of invasive breast cancer were the same, but women assigned to raloxifene had lower rates of venous thromboembolic events (HR = 0.70, 95% CI = 0.54 to 0.91), uterine cancer (HR = 0.62, 95% CI = 0.35 to 1.08), and cataracts (HR = 0.79, 95% CI = 0.68 to 0.92) compared with tamoxifen. The rates of stroke, fatal stroke, coronary events, and fractures did not differ in the two treatment groups.
